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The fluid-attenuated inversion-recovery(FLAIR) sequence produces heavily T2-weighted and cerebrospinal fluid(CSF)-nulled magnetic resonance(MR) lmages .
By using FLAIR pulse sequencing with an inversion time designed to null or considerably reduce the signal from CSF but to allow recovery of most brain magnetization, it is possible to greatly reduce CSF artifacts and use long echo time to obtain an image that is very heavily T2 weighted( l, 2, 3) . By decreasing the signal from CSF, FLAIR sequences reduce image degradation from partial volume effect and motion artifact. The net result is a sequence that provides high lesion contrast against a muted background of brain and a very low signal intensity from CSF (4, 5, 6, 7) . The advantages of FLAIR imaging include improved contrast between the signal intensity of a variety of diseases that prolong brain T2 relaxation and the suppressed signal intensity of the CSF of the adjacent ventricular or subarachnoid space(I , 8). A major disadvantage of conventional FLAIR sequences however, is the very long acquisition time(I). Pulse sequences have recently been proposed in which FLAIR-like sequences are coupled with fast spin-echo techniques in order to reduce scanning times ( 4, 7, 9, 10, 11) .
The clinical usefulness of FLAIR MRI in neuroimaging has been described with regard to several conditions(l -3, 12, 13). We present our experience in applying fast FLAIR sequences to the diagnosis of intracranial tumors and discuss the clinical utility ofthis technique. The purpose of our study was to evaluate the significance of FLAIR imaging for the diagnosis of intracranial tumors and to compare it with spin 해 echo imaging for analysis of the intrinsic and/or extrinsic natures of intracranial tumors.
Subjects and Methods
Fifteen patients with surgically proven intracranial tumors were included in our study. Eight were females and seven were males, and their ages ranged from 15 to 72(mean, 50) years. The tumor involved were glioma(n=7), metastasis(n=7), acoustic neurinoma(n = 2), meningioma(n =ë 1), and recur rent medulloblastoma(n= l). For MR imaging, a 1. 5T system was used(GE, Signa, Milwaukee, U.S.A.) Scanning parameters for FLAIR were 10000ms/ 119ms/l /5mm, 2mmgap(repetition time/echo time/ excitations/section thickness), and inversion time was 2500. Fast spin-echo T2-weighted(T2W), and Tl-weighted(Tl W) sequences were as follows: 3500 -4000ms/85ms /l -2/5mm/2mm gap, and 433 -450 ms /l lms /l /7mm(TR/TE/Nex/thickness/gap), respectively . Imaging matrix was 256 X 192 in all sequences. The scanning time depended on such technical factors as a rectangular field of view and scanning slices.In practice, this ranged from 2 minutes for three slices to 8 minutes for eight slices. FLAIR and T2W images were assessed and compared with re- gard to signal intensity, and conspicuousness of the mass itself from surrounding structures. In 13 patients in whom a tumor was associated with edema, the two modalities were compared with regard to signal intensity of the edema and conspicuousness of its interface with the signal intensity of edema and conspicuousness of interface with the tumor. The same assessments were made for eitht patients where tumor contained cystic or necrotic components and for six in whom showing the intratumoral hemorrhage was seen.
Results 5ignal intensity in solid portion of tumors Among the 15 tumors, the solid portion relative to brain parenchyma, as een on TLAIR images, was hyperintense in five, mixed( mainly high signaI) in six, isointense in three, and low in one. On T2WI, the signal intensity of the mass was mixed in six cases, high in five, iso in three, and low in one. In 12 of 15 cases, signal intensity on FLAIR usually coincided with that on T2-weighted images( Fig. 1,  2) ; an acoustic neurinoma, a metastatic lesion from renal cell carcinoma, and a medulloblastoma were seen in the remaining three patients. The first c A. Tl-weighted image shows large low signal mass at the right cerebellar hemisphere with small focal high signal hemorrhage(arrow). B. T2-weighted image shows homogenous bright signal intensity of the mass with mild peripheral high signal edema Focal hemorrhage is not defined, that represents late subacute hemorrhage C. On FLAIR image, the mass and peripheral edema show also diffuse high signal intensity as same as T2-weighted image . The focal hemorrhage is also not identified like T2-weighted image The interface between tumor and edema is more clearly defined on T2W image than FLAIR image. However, the fourth ventricle is well distinguished from peripheral edema on FLAIR image(arrow) because of CSF-nulled dark signal effect.
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showed high signal intensity on FLAIR and isosignal intensity on T2-weighted images; the second revealed isosignal intensity on FLAIR and high signal intensity on T2WI, while the third, the medulloblastoma showed low signal intensity on FLAIR and mixed signal intensity on T2W images. When comparing the conspicuousness of the mass with the signal intensity of surrounding structures, FLAIR and T2W showed similar results in nine cases, but in three case, FLAIR was superior, and in three, inferior.
Intratumoral cystic or necrotic changes
In eight patients(53 %) whose tumor contained a cystic or necrotic component, T2W images showed high signal intensity, but FLAIR images showed isosignal intensity in seven cases and high signal intensity in one (a high grade astrocytoma, sugge- c. T2-weighted image of cystic or necrotic portions shows bright signal intensity as usual(arrows). Solid portion of the mass shows isosignal intensity medially, and high signal intensity laterally Mild peripheral edema is shown as high signal intensity D. On FLAIR image, the cystic or necrotic portions show isosignal intensity(arrows) which is not same as CSF signal intensity. However, the signal intensity of the solid portion is the similar with T2-weighted image.
sting hyperacute hemorrhage or nonenhancing solid lesions) in contrast to CSF signal intensity (Fig. 2, 3) . Although T2WI provided better distinction between tumor and cystic or necrotic component, FLAIR image differentiated between true cystic (same signal to CSF) and necrotic(different signal to CSF) components within the masses
Peritumoral edema
In 13 patients(87%) in whom the tumor was associated with peritumoral edema, all but one( a lesion which has metastasized from lung cancer) were seen much better on FLAIR images as an area of hyperintensity than on T2-weighted images (Fig.  3, 4) . As to the ablility of FLAIR and T2W images to distinguish edema from tumor interface, FLAIR images were in three patients(23 %) better than T2WL while in eight patients(62 %), the two moda- B. On T2-weighted image, aggressive high signal edema is well defined(arrows) . Dark rim at the periphery of multi-staged hemorrhagic lesion in right mass is due to hemosiderin deposit by chronic stage(arrowheads) C. Severe peripheral edema is shown more brigher signal intensity on FLAIR image(arrows) . Multi-staged hemorrhage in the right one has same signal intensity on both FLAIR and T2-weighted images(arrowheads). Compressed right lateral ventricular body is well differentiated from mass and edema lities were equal. In the two remaining patients
(1 5 %)(high grade and anaplastic astrocytoma), T2W
images provided better differentiation between tumor and edema than FLAIR images.
Intratumoral hemorrhage Six of 15 patients(40 % ) suffered intratumoral hemorrhaging; this was subacute in three, chronic in one, and mixed in two(acute with subacute, and % J Korean Radiol Soc 1997;37:575-581 A B c D subacute with chronic). Except in a chronic cystic portion, the signal intensity of hemorrhage was the same as seen on FLAIR and T2W images, regardless of its stage (Fig. 4, 5 ).
Discussion
FLAIR sequences are reported to be particularly sensitive in detecting subtle changes at the periphery of the cerebral hemispheres, around the basal cisterns, in the brain stem, at gray -white matter interfaces, and in the periventricular region. These are sites where CSF artifacts and partial volume effects between gray and white matter cause problems in diagnosis with conventional T2W imaging (3, 5, 11) The FLAIR technique is a method of obtaining heavily T2W images, and has been described by a Fig. S . Glioblastoma muItiforme in 72-year-old female A. Tl-weighted image shows multiple high signal hemorrhage(arrows) in the left frontal mass with midline shifting and hydrocephalus of right lateral ventricle. B. Enhancing lesion is seen at the central portion of the mass. Ringenhanced low signal cystic or necrotic area is more clearIy identified(arrow) C.On T2-weighted image, multiple hemorrhagic portions were shown inhomogenous signal intensities with peripheral dark signal rim, which represent muIti-staged subacute and chronic hemorrhages (white arrows). Severe peripheral edema and a smaII cystic or necrotic area(black arrow) are seen as high signal intensity. D. On FLAIR image, hemorrhagic portions are same signal intensity with T2-weighted image(white arrows). A focal cystic or necrotic portion depicts isosignal intensity (hoIIow arrow) that suggests intratumoral necrosis than true cystic degeneration.
group from Hammersmith HospitaL London, England(l , 2, 5, 12). The FLAIR sequence is an inversion-recovery pulse sequence designed to greatly reduce the signal from CSF. With this sequence, CSF artifacts are reduced and heavily T2W images with a long echo time are obtained. There have been reports of the clinical application of the FLAIR technique to cerebral infarction(2, 7, 9), demyelinating diseases (9, 14) inflammatory diseases(9), cerebral trauma (13) , subarachnoid hemorrhage(6), co poisoning(3), and intracranial tumors(l , 2, 4, 9).
The primary disadvantage of FLAIR has been the lengthy scanning time required to acquise, using a limited imaging matrix, sections which are thick and relatively few . For ex 없nple ， the FLAIR sequence described by De Coene and his colleagues used an imaging matrix of 128 or 192 X 256 and required 12.8 to 13.6 minutes to image 10 to 17 -579 -sections with a thickness of 6 to 8 mm(l).
Several investigators have obtained faster FLAIR by using multiple echoes per repetition time, based on RARE and fast spin-echo sequences(described by Hennig( lO) , and Rydberg(9)(5min. 8 sec.), and modified rapid sequences(Alexander,7)(between 2 min. 8 sec. and 4 min. 16 sec.).
For conspicuity and detectability of lesions, the fast FLAIR sequence was found to be statistically superior to the T2W sequence. The considerable increase in lesion-to-CSF contrast was thought to be a major factor in improved lesion conspicuousness with fast FLAIR. In this study, however, our machine required from about 2 minutes for three sections to 6 minutes for nine sections; this was longer than in other reports(4, 7, 9) using fast FLAIR sequences. Acquisition time was delayed because we used sequential interleaving and chopping phase-encoding techniques (9) .
Our study demonstrated that in 12 cases(80%), the signal intensities of tumors were similar to those seen on T2W images, a proportion, which was lower than that of 97% recorded by Tsuchiya( 4). Cerebral edema, which has conventionally been evaluated on spin-echo images, was more clearly seen on FLAIR than on spin-echo images in 12 of 13 patients in whom edema was associated with tumor. With regard to discrimination, the interface between surrounding edema and a tumor was in eight cases(62%) similar on FLAIR and T2W images, while FLAIR was better in three cases(23%). Tsuchiya et aI{ 4) also reported that FLAIR images were better at differentiating edema from tumor in only 35 % of cases.
Because its precise evaluation is important in the differential diagnosis of intracranial tumors, we regard as noteworthy the clear demonstration of peritumoral edema on FLAIR images. These may also be useful in influencing patient treatment, as they clearly depict coexistent infarcts or abnormal periventricular signal intensities in hydrocephalus.
In seven of eight patients whose tumors had a cystic or necrotic component, the signal intensities of these areas were different from those of CSF seen on FLAIR images. The signal intensity of cystic or necrotic components was isosignal on FLAIR images, except in one case which showed high signal intensities on both FLAIR and T2W images, and was presumably due in our opinion, to hyperacute hemorrhage or the nonenhancing component of solid mass. T2W images, however, provided better di component than did FLAIR. In terms of the contents of cystic components, we may be able to obtain more information such as between true cyst(same signal to CSF) and tumor necrosis(different signal to CSF)on FLAIR images than on spin-echo images. In acoustic shwannoma, for example, intratumoral nonenhancing lesions presenting with high signal on T2WI and low signal on T1 WI are usually suggested by intratumoral cystic degenerations, but in our cases, FLAIR images showed isosignal inten sity that indicated not true cystic degeneration but intraturmoral necrosis. Tsuchiya et al (4) reported that on FLAIR images, they could differentiate between epidermoid tumor and arachnoid cyst. We, however, are still unable to exactly explain the contents or character of the cystic or necrotic portions. Although a recent sutdy descrobed improved detection of subarachnoid hemorrhage using FLAIR sequences(6), few reports have described the appearance of intraparenchymal hemorrhage during FLAIR or fast FLAIR sequences. In our study, hemorrhagic portions within tumors showed similar signal intensities on both fast FLAIR and fast T2-weighted SE sequences, without regard to hemorrhagic stage. Our experience was, however, that liquified chronic hemorrhage of subdural hematoma was not similar in intensity in both studies, but was low /iso-signal on FLAIR and high signal on T2W images.
On FLAIR images, artifacts related to CSF flow motion are frequently noted near the foramen of Monro, fouth ventricle, and aqueduct. Flow artifact occurred in areas of increased CSF flow and led to minor or moderate ghosting artifact due to the pulsatility of this flow. Based on previous results obtained with gradient-moment-nulled fast SE sequences (15) , it is expected that such artifacts can be reduced by the incorporation of gradient moment nulling, particularly in the section-select directíon.
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In conclusion, FLAIR images did not provide any information about our patients that was not available on fast T2W images. Peritumoral edema was, however, clearly demonstrated, and FLAIR images often clearly delineated edema from tumor, and distinguished CSF from a cystic or necrotic component, better than did T2W images. This latest role of fast FLAIR will be appended to existing protocols for improved confidence in lesion detection and the major potential benefit of this is the ability to efficiently image contigu sequence, extensive studies can be gained , will be needed fefore a more complete understanding of fast FLAIR can be gained , and further study is needed before the usefulness of this technique can be established in the diagnosis of intracranial tumors.
